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444a Tuesday, February 28, 2012the peptidic-aggregates. The addition of each osmolyte or a mixture of both in-
creases the conformational stability of the six peptide amyloid-prone aggregate.
All the studied osmolytes, decrease the number of peptide-water hydrogen
bonds, increase the peptide-osmolyte hydrogen bonds, while the number of
the intrapeptide hydrogen bonds remains almost unchanged. This result is in
good agreement with the suggested mechanism of osmolytes replacing water
molecules on the peptide aggregate surface. In contrast our molecular dynamics
simulation has uncovered that the conformational stability of the 12 peptide ag-
gregate was very similar in water, in presence of each osmolyte or a mixture of
both. This effect is most probably due to the higher content of intrapeptide hy-
drogen bonds existing in the hydrophobic core formed within the 12 peptide
aggregate.Protein Conformation II
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The SOS response in Escherichia coli involves the induction of at least 57
genes in response to DNA damage, including the umuD gene. UmuD2 is a ho-
modimer of 139-amino acid subunits that interacts with RecA/ssDNA nucleo-
protein filaments, resulting in cleavage of its N-terminal 24-amino acids to
yield UmuD’2. The full-length form UmuD plays a role in a primitive DNA
damage checkpoint and prevents mutagenesis, whereas the cleaved form facil-
itates mutagenesis by Y family DNA polymerase UmuC. The goal of our re-
search is to determine the conformation and dynamics of UmuD in order to
understand its regulatory role in response to DNA damage. UmuD2 and
UmuD’2 are both exceptionally tight dimers, with picoMolar dissociation con-
stants. However, we find that a monomeric variant of UmuD maintains essen-
tially all biological roles of UmuD2. This surprising finding suggests that
UmuD can cleave in either a cis or trans conformation. By forming alternate
dimeric forms of UmuD, we determined that cleavage in trans is more efficient
than cleavage in cis. UmuD2 and UmuD’2 readily exchange monomers to form
the heterodimer UmuDD’, which is the most stable dimeric form.We are inves-
tigating the kinetics and mechanism of exchange of UmuD dimers and the
UmuDD’ heterodimer by using FRET assays and native PAGE. The different
dimeric forms of the umuD gene products exchange on the minute time scale,
and each dimer can continue to exchange once formed. Designed site-directed
mutations are expected to allow us to determine the mechanism of UmuD dimer
exchange.
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Structural information about proteins can provide valuable insight into folding
mechanisms and dynamics, giving us information about protein function and
interactions within biological systems. Upon interaction with various moie-
ties, proteins have the potential to undergo a variety of conformational
changes. Extensive studies have been done using deep UV resonance Raman
(dUVRR) spectroscopy to study the secondary structure of proteins. Here, we
present the results of our experiments, where we simultaneously monitored
both secondary and tertiary structure of de novo synthesized protein, HP7.
HP7 is a four-helix bundle that retains its secondary structure while altering
its tertiary structure dependent upon the attachment of a heme group. In study-
ing the apo- and holo-proteins, we determine that dUVRR spectroscopy is
a promising tool for the simultaneous study of both protein secondary and ter-
tiary structure.
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Thermophilic lactate dehydrogenase (LDH) from Thermotoga maritima dem-
onstrates a drastic increase in Km with increased temperature, compared
with that of mesophilic LDH. To investigate such difference and the tempera-
ture adaptation of proteins, FTIR is used to probe the structure dependence on
the temperature by monitoring amide-I band and CO stretch of oxamate in the
ternary complex. It has been found that, although protein denaturing are not ob-
served with an increased temperature up to 80 C (the temperature for optimum
growth of Th. maritima), the protein structure as reported by T. Dams et al.,shows difference between room temperature and 80 C. FRET and laser in-
duced temperature jump techniques are employed to study the dynamics of
ligand-protein complexes of TmLDH on the nanosecond time scale.
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Redox proteins are the main components of the respiratory chain. Even though
their structure is known in great detail, information about structure-function re-
lationships is still sparse. Vibrational spectroscopy is well designed to fill this
gap Raman- and Infrared-Spectroscopy yielding complementary information,
they are usually applied separately. Information about heme centres and peptide
structures are thus obtained, which are Raman and infrared-active, respectively.
If, for example the protein is immobilized on an electrode, changes of the
protein-backbone and the heme-centre may be observed as a function of an
applied potential. To fully understand the mechanism of the interaction of
heme-centre with the protein-backbone information obtained by both tech-
niques have to be correlated.
Cytochrome c (cc) containing a Raman-active redox-centre, surrounded by the
infrared-active backbone, has been used as a benchmark system to introduce
the concept of hetero 2D correlation spectroscopy.
The redox transition of the heme group as a function of potential could be cor-
related with conformational changes of the following peptide groups 32-40,
whereas other groups such a 14-19 and 57-59 do not change simultaneously.
Hence we can conclude that changes in the protein backbone as a function of
the redox transition occur in a two-step process. This is consistent with MD
calculations showing that the a-helical structure is elongated during oxidation
whereas a b-structure is formed.
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Hsp70 chaperones play mportant roles in cells including protein folding, traf-
ficking, degradation and enabling survival under stress conditions. DnaK is an
Echerichia coli Hsp70 homolog comprising a 44 kDa ATPase domain (NBD)
and a 25 kDa substrate-binding domain (SBD). DnaK has two nucleotide
substrate-affinity states: In the ATP-bound low substrate-affinity state, sub-
strate binding and release occur rapidly, whereas in the ADP-bound high
substrate-affinity state, slower substrate binding and release kinetics are ob-
served. Communication between the two domains is essential for chaperone
function and is mediated via a conserved hydrophobic linker region
(384GDVKDVLLL392). Previous studies showed that when this flexible linker
interacts with the ATPase domain, which was studied by the construct con-
taining the entire linker, DnaK(1-392), an enhanced ATPase rate is observed
compared to the construct lacking the conserved 389VLLL392 linker region,
DnaK(1-388). This observation suggests that structural rearrangements caused
by linker docking adopt the ATPase domain in a closed conformation, leading
to an enhanced, pH-dependent ATPase activity. Here, our aim is to delineate
the residues that are responsible for the linker induced conformational rear-
rangements. In that line, using molecular dynamic simulations we identified
two sets of amino acids at the lobe interface of the ATPase domain that might
be critical in the stabilization of the domain in the so called ‘‘open’’ and
‘‘closed’’ conformations. We made point mutations for these sites on both
DnaK(1-392) and DnaK(1-388) constructs, and studied the structural and
functional effects of these residues on the ATPase domain using pH varied
stability measurements by circular dichroism and activity measurements as
a function of pH, respectively. Our experimental results also point to the sig-
nificance of these residues in the domain rearrangements when triggered by
linker binding.
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Canonical G-protein signaling pathways are activated when agonist-bound G
protein coupled receptors (GPCR), acting as guanine nucleotide exchange fac-
tors (GEF), promote the exchange of GDP for GTP on Ga subunits present in
GaGDP:Gbg heterotrimers. GEFs catalyze product release and substrate
Tuesday, February 28, 2012 445abinding of the Ga subunit and therefore act as regulators of cell signaling. Ric-
8a is a cytoplasmic-receptor-independent-GEF that is known to interact with
the C-terminus of Ga subunits, possibly in a similar manner as GPCR’s. In
this study, domain and long-lived segmental motions involved in Ga subunit
binding of the GEF Ric-8a and the subsequent nucleotide exchange was probed
using single-molecule fluorescence spectroscopic methods.
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Determining the oligomeric state of a protein under physiological conditions is
vital for understanding the functions of the protein. Here we demonstrate that a
single-molecule method, called alternating-laser excitation (ALEX), can di-
rectly distinguish among oligomeric forms frommonomers to tetramers and de-
termine their quaternary structures. Using this method, we found that RecR,
a recombination mediator protein, forms a stable dimer and that weak C-termi-
nal region interactions cause pairs of dimers to combine to form ring-shaped
tetramers. The measured dissociation constant of drRecR tetramer (12 5 2
mM) decreased by more than three orders of magnitude (65 2 nM) in the pres-
ence of RecO. From these findings, we propose that tetrameric RecR encloses
DNA through an opening between adjacent C-terminal domains and that RecO
binds to the C-terminal domains of RecR to stabilize the ring-shaped tetramer.
This work proves that ALEX is extremely useful for determining protein olig-
omeric forms and their quaternary structures under physiological conditions.
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In order for information to be correctly propagated between cells, it is necessary
for both the sending and receiving cells to have organized molecular machinery
so that the transmitted signals can be accurately received and processed. By
conjoining protein interaction domains, multidomain scaffold proteins form
a framework for maintaining and modulating these junctional communications.
Scaffold proteins have been traditionally conceptualized as ‘‘beads on a string’’
with unstructured linkers allowing each domain to be independently oriented,
but recent data on multidomain supramodules suggests that the fundamental
functional units of scaffold proteins may be larger multidomain complexes.
Membrane-associated guanylate kinase (MAGUK) proteins are multidomain
scaffold proteins that function at cellular junctions; most importantly at epithe-
lial tight junctions and within the postsynaptic densities of neurons. MAGUK
proteins contain both PSD-95/Dlg/ZO-1 (PDZ) and Src Homology (SH3) do-
mains, as well as an enzymatically inactive guanylate kinase domain. While
the high-resolution structures of the isolated domains of the canonical
MAGUK, PSD-95, have been solved, the organization of these domains re-
mains unknown. In combination with rigid body docking and all-atom molec-
ular dynamics simulations, single-molecule FRET measurements between each
of five domains allowed for the determination of the domain positioning in full-
length PSD-95. The ‘‘ground’’ state configuration of PSD-95 was found to con-
tain two stable multidomain subunits that while connected by a flexible linker
do not appear to interact. A comparison of measurements within each of these
partitions with homologous measurements in other MAGUKs showed that
domain orientations can vary among this family of scaffold proteins. These
findings represent the first unambiguous assignment of domain positioning in
a full-length scaffold protein and provide insights into potential allosteric cou-
pling between domains in MAGUK proteins.
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The crystallizable fragment (Fc) region of IgG antibodies interacts with a vari-
ety of molecules in the immune system. Some of these interactions are
negatively impacted by the removal of the oligosaccharides bound to the anti-
bodies in the Fc region. In order to study the structure of the Fc region of IgG
antibodies, we have mutated a surface-exposed serine residue to a cysteine,
allowing the antibodies to be labeled with thiol-reactive dye molecules and
studied via single molecule Fo¨rster resonance energy transfer (FRET). We
have also applied single molecule FRET to the study of the distance betweenthe antigen-binding sites of an antibody. All FRET measurements performed
involved the examination of photon bursts from freely diffusing donor-
acceptor labeled antibodies, from which a histogram of the conformations pres-
ent was constructed.
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Motor proteins play important roles in transportation of cargoes in the cell and
cell motility and are powered by ATP hydrolysis. Motor proteins are classified
into two categories: myosin, kinesin and dynein. Dynein is a microtubule based
motor protein and related to cell motility. The structure and motion of dynein
have been studied by many scientists and its crystal structure was recently re-
ported. In this study, the swing motion of dynein was investigated by normal
mode analysis (NMA) using elastic network model. To test the role of the linker
of dynein which can be detached from body (AAA5) due to ATP hydrolysis, we
performed NMA of the following two different types of dynein structures: na-
tive and artificially modified one with no connection between linker and body.
NMA results of the native structure showed a twisting motion at the first mode
and bending motions at the second and third modes. While, in case of artifi-
cially modified dynein, a bending motion comes to the first mode. It implies
that the dynamics of dynein can be controlled by the connectivity between
linker and body. Therefore, ATP hydrolysis plays a crucial role in dynein walk-
ing mechanism as a trigger of swing motion. In the future work, the large con-
formational change of dynein during its swing motion will be studied by elastic
network interpolation.
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We show that local order, measured not only by the number density distribution
around a given node, but also as the geometric preferences of neighbors quan-
tified by bond orientational order (BOO)[1] identifies subtle local structural
changes in proteins.
We first establish a correspondence between topological and geometrical quan-
tities utilized in protein physics[2]. In the topological case, local parameters are
represented as moments of the adjacency matrix. For the geometrical counter-
part, local information is encoded in BOO parameters, showing up in series ex-
pansion of bond density on a unit sphere. Of special importance, the respective
third moments are measures of local compactness; both clustering coefficient C
and third-order rotational invariant W use the coupling of three vectors/edges.
We then generalize a topological index[3] that measures the propensity of res-
idues to find alternative routes to communicate with function-related destina-
tions. The average number of alternative n-step paths a given residue
generates to its neighbors (equal to 2C for two-step paths), normalized by
the reachability of that residue by all others in the structure successfully mea-
sures the degree of collectivity of motions in a protein.
We finally demonstrate the utility of these concepts by showing that W is
a good descriptor for identifying local structural changes between the apo
and holo forms of ferric-binding and maltose-binding proteins. In both cases,
though the holo form resides close to the apo form on the free energy surface
as a weakly populated conformation, BOO changes between the states are
clearly detectable. Expanding in terms of BOOs, we offer an alternative method
for calculating the free-energy change.
[1]Steinhardt et al. Physical ReviewB, 28, 784(1983).
[2]Atilgan et al. Annual Review of Biophysics, 2012, to appear.
[3]Atilgan et al. Biophysical Journal, 99, 933(2010).
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In this work, we extend Anisotropic Network Model’s(ANM)[1] scope by
developing exact expressions for n-point displacement correlations in the
canonical ensemble. Our formulation entails the use of Wicks theorem on mul-
tivariate Gaussian integrals[2] and can be extended for arbitrary ensembles.
This provides additional flexibility to correlate multi-atom regions of arbitrary
sizes in any normal direction with the sole knowledge of inverse Hessian
matrix.
